wave, initiated at the posterior tip of the eye disc, requires the two diffusible molecules Hedgehog (hh) and Decapentaplegic (dpp), a Drosophila BMP homolog. hh times during embryonic and postnatal development, giving rise successively to the seven cell types present in is initially expressed at the posterior margin, and then turns on in the differentiating photoreceptors; hh actithe retina, including cone and rod photoreceptors (Cepko et al., 1996) . However, two recent reports have vates dpp expression in a stripe just anterior to its own expression domain. This relationship between hh and shown that differentiation of the zebrafish retina uses the same strategy as the fly retina. A wave of differentiation dpp is highly reminiscent of the induction of dpp by hh expressed in the posterior compartment of the Drosophmarked by Sonic hedgehog (Shh) sweeps through the fish retina, leaving behind differentiated retinal cells ila wing imaginal disc. The static stripe of dpp at the anteroposterior compartment boundary produces a gra- (Neumann and Nuesslein for RGC differentiation and to activate Shh expression in fish. These observations are very surprising and excitmultipotent progenitor cells exit the cell cycle at different row, thus contacting the next available region of the lamina and inducing its differentiation by secreting hh and the EGFR ligand Spitz. In this system, anteroposterior retinotopy is specified by the temporal component, and only the dorsoventral axis needs a separate patterning mechanism. The meaning of a morphogenetic wave of Shh in the fish retina remains to be understood. Pathfinding by RGC axons relies on a graded system of ephrin and netrin expression (Holmberg et al., 2000) and there is as yet no well-defined requirement for sequential innervation of optic areas within the brain. Nevertheless, patterning of the retina or, more generally, patterning of any precise periodical structure, might opt for such a progressive, iterative strategy simply because local cellcell interactions (local diffusion of short-range molecules), although reliable and robust, are not sufficient for the most precise patterning events. over again a limited number of biochemical modules, The introduction of a time axis during Drosophila eye such as hh/Shh or dpp/BMP, to achieve various simple development might also be explained by the necessity patterning tasks. It appears now that patterning of comof forming retinotopic photoreceptor projections to the plex tissues also reuses networks of these modules simneural cartridges of the lamina, the first optic ganglion.
ply by changing the rules of their interaction. For inEach differentiating row of ommatidia sends a set of stance, changes in the promoters of hh and dpp as well as changes in the targets of these signaling molecules axons that reach the lamina after those of the previous through the influence of the genes that determine the nature of the structure (master regulators) might allow the development of new structures during evolution.
It is very likely that the primitive ancestral unit from which eyes evolved was simply a photoreceptive cell that used Pax6 to activate expression of an opsin. As different eyes became more complex, Pax6 became restricted to progenitor cells within the retina. Then, a convergent strategy that used the interactions between several preexisting biochemical modules such as hh, dpp, and N was superimposed onto the Pax6 module to pattern the crystalline arrays of photoreceptors (Figure 3) . Differences between phyla in the details of the regulation of such conserved genes and networks support the idea that they have been recruited independently through evolution to elaborate new eye structures. It is striking that very complex and distinct developmental processes are achieved with a relatively restricted and simple number of interlinked genetic modules such as the hh, dpp, N, and EGFR pathways. This leads to the notion that similar strategies do not necessarily imply common ancestry of the organ, but instead reflect the reuse of an efficient mechanism invented for a similar task.
